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For .j,i£n speed conipuC:rs i~ is .?lv^ays desirable 
to proYid t a Isr-e ciprcity budfer memory to backup the 
ni^h speed ;?orking menoiy. 

This thv^sis concerns with the design of a 
flexible, maiiictic drum memory systoa able to handle upto 
a maximuru of 3912 bits and 1023 words per track at a bit 
repitition rate ohich can have a maximum value of 1 TIHz . 
The complete lo^ic circuits have been built by making use 
of Idotorola Intc'Tcted Circuits ana discrete components 
hrve been used in making Read/'-'/rite amplifiers and the 
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IIlTxiOI J JglOF 

Ilagnetic reoording es a method of proviaing the 
function of memory has attained a major position in the 
field of digital data storage = Its most extensive 
applications are in the form of magnetic drum, magnetic- 
tape and magnctic-diak memory units. 

'easons for wide exploitation of magnetic 
recording are based upon its flexibility of mechanical 
structure, economy in terms of cost per-bit , comp ectn ess 
for large capacitn^s and ruggsdness. 

Although It IS only in recent years that magnetic 
recoraing has come into general use, its invention by the 
Danish engineer Vaidemar Poulsen dates back to 1898. The 
first apparatus used a steel wire lor the recording medium, 
vnbile today, a thin magnetic layer is used exclusively for 
this purpose in the computer fiela. The actual work which 
marked the beginning of the application of magnetic recording 
to data storage was undertaken in 1947. The first practical 
unit was magnetic drum. 

The various types of units in which magnetic 
recording proviaes the data storage differ between themselves 
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essentially only in the mechaoical structure used to provide 
relative motion between the surface and from one to many 
clcctro-magnetic transducers. 

A rotating drum wnosc surface possesses a magnetic- 
recording film serves the function of a high-speed memory 
for int ermcdiate-size computers. Nagnetic heads, located 
slightly out of contact witn the surface, allow information 
to be rc'Sd into and out of the drum. Drum speeds are in 
the range of thousands of rpm, and in an average-sized drum 
hundreas of tnousanas of binary digits can be stored with 
an access time to any bit in the order of milliseconds. 

Important aspects of magnetic recording with 
rcopcct to its use for data storage are tne following; 
saturation rocoraing is used and, therefore, new information 
may be //ritten o^cr that previously caitained, erasing being 
unnecessary; the memory is non-volatile, i.e., the information 
IS not lost in the event of a power failure; there is no 
apparent deterioration of the recorded information with time; 
and the storage film can tolerate considerable physical abuse 
with no deleterious effects and is insensitive to wide 
Venations in environmental conditions. 

1 . 1 Drum Storage Characteristics 


moving storage surface for binary information 
con be specified in terms of its capacity in binary digits 
(bits) and an inherent access time, which is taken here to 
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bs tuc rccur-i'ence interval for a given bit of i±if or nation. 
I'or c rotating drum this interval is the time for one 
i'fcvolution. The merit of the storage surface m§y be 
measured by the ratio of capacity to access time as it is 
aovantageous to increase the capacity, decrease the access 
time or both 



wliei'e, 3 ; capacity of track, bits. 

P i inherent access tire. 

V ; cell length or distance assigned to one bit 
on xhe magncxic surface in the direction of 
lus rotation 

; linear spotd of the drum surface, 
p . liiformation traiisfcr rate, bits per unit time. 

This latiJ 13 then equal to xne rate of infoimation transfer 
v;hich is an exxernal measure of memory quality. 

1 .2 Coding Techniques for linary Storage 

Binary storage coding techniques can be grouped 
broadly into tvi/o categories. One group comprises those 
mt-thods v/hich result in a useful output signal for every 
bit, while the scroncl inclides those codes v/hich provide a 
useful output signal only upon a change in binary sequence 
or, equivalently, only for one of the two binary digits. 
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TjjC fi-'Sb £^roup of codtfa 13 in a sciise redundant in that 
the original binary sequence can be re-cons tructed , knowing 
only the first digit in adoition to the changes in binary 
digit sequence. For any particular input current code the 
r^^oulting output signal depends upon the recording system 
design and cannot bo anticipated independently of this 
ixif orination. The choice of a particular code depends upon 
0 ’''erall reliability and digital processing requirements. 

The following diagram indicates schematically the 
ovci'all storage transfer process involved in the magnetic 
recoreing of binary information. The peripheral co-ordinate 

IS X 

writing reading 

.viicre "'(x) ; distribution of magnetization on the surface. 

0 ^(x) ; reading coil flux as a function of the angular 
position of the drum, 
s ; surface spe^d. 

e^ ; open-circuit read-back output voltage. 

IJ ; number of reading turns. 

The input current is associated with the recorded pattern 
through the airgap fringing field of the magnetic reconiing 
head. The output voltage can be directly related to a 
variation of core flux with drum angular position. 
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Recordin' teclmiUacs broadly refer xo the methods 
of and reaain^ binary dcta. ''h''iting involves the 

tr. nslation of a binary selUv^nce into a unique magnetising 
currenx pattern and reaaing ii-volvcs the detection of the 
iragxiotisation presenx on tht. drum and its conversion into 
xlie corresponding binary iclormation . Data-recording 
techniques can be diviaed into x.vo categories, external 
olockii.3 and sclf-clocking. r..ternal clocking implies that 
a clock xrack is provided bo furnish all location and 
v'lixin^ IS synchronized by these timing pulses. Self- 
clooLin-’- ucoraing mexhods, on the otherhand, are those in 
nicb oloctcixig information is oerived from the recorded data, 
no u-^t^rnal clock track being used. 

Ihexfc ax'e a number of ways to record binary 
information on a magnetic surface. Tho various re'ooraing 
tuCiiiiio^ues have their own advantages and disadvantages with 
regard toi the circuit required, sensitivity to sources of 
noise, reliability and densitj consideration. The different 
methods used fall broadly into tvvo clasoes: return to zero 
and non-return to zero. In the former, the flux in the 
surfdco alvV’ays rexurns to a rfference value between bits of 
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information; in the latter, the flux does not return to 
reference value between digits. Since only two values of 
information are being recorded (0 and 1), it is customary 
to saturate the magnetic surface. 

2 .1 E Z Recording 

True return to zero recording (Eig. 2.1) uses a 
round-trip excursion from zero flux to one saturation level 
to rt ore sent binary 0 and a round-trip excursion to the 
otl.^r saturation level to represent binary 1 . The flux 
departs froir the zero flux state and goes to saturation 
"nd returns for each digit recorded, '-'c see that there 
ar^ t^.o poises in the read-back signal corresponding to the 
cv 0 riux changes for each binary digit recorded - zero to 
saturatioii end saturation back to zero. In this scheme, 
therefore, inere is more iiiformation present then is 
really needed. 

2 .2 IT R Z Recording 

R Z recording identifies a digit with a flux 

% 

excursion from a reference state to a saturation state and 
back. Fon-rcturns-to zero (F R Z) recording (Rig. 2. 2) 
identifies a digit witn a flux level, rather than with a 
change of flux. If flux at one saturation level represents 
0, flux at the opposite saturation level then represents 1. 
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If a sxring of digits of like kind is being recorded, the 
flux remains unchanged at the saturation level even between 
tne digits. Tne flux changes only ?,;hen successive digits 
are unlike. The read-bacic signal thus consists of pulses 
wnich have one polarity for a 'O' following a M' and the 
other polarity for "uhe reverse sequence. We see that the 
maximum number of flux chaxigcs occurs when the digit pattern 
alternates O's and 1's, and that even under this condition, 
the number of changes of flux is half what it would be in 
a R Z system. T'T r z recording is, therefore, capable of 
at least -Cv-vice the packing density of an R Z system. 

2 . 3 I~ R Z I Recording 

This IS a form of recording which belongs to the 
generic class of N R Z type techniques; the I stands for 
inversion. It records one of the two binary digits(say *1*) 
as a single flux change, while the other (i.e., '0') has no 
corresponding flux change. tLence tne same digit ('1') is 
sometimes indicated by a positive signal from the head, and 
sometimes by a negative signal. As with the previous R R Z 
scheme, the maximum numbx^r of changes of flux is half what 
IX woulu have been in R Z. 

2 .4 Pnase Record iiig 

Phase recording (Pig. 2. 4) is again an R R Z type 
system, in that the flux is always in one of the saturation 
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Stitts oxcept duririti the transition, but its difference 
froui the ordinary F R Z scheme lies in the fact that the 
Qigits correspond to transitions in tne flux levels rather 
than to tht levels themselves. The two binary digits are 
represented by opposite changes in the flux level from one 
saturation level to the other. In the pattern showi in 
Rig. 2. 4, a *1' has been represented by a transition from 
the higher saturation level to the lower (the names 'higher’ 
and 'lov/er' being, of course, luite arbitrary), the 
representation of a ‘O' then being the reverse transition. 
The iiQportant point is that the transitions take place at 
the centres of the digit intervals. 

Each bit of information is thus represented by a 
pulse in t he read-back signal, the polarity of the pulse 
being difxcrent for tne two digits. However, in addition 
to these pulses representing the information, the read- 
back signal also contains a pulse at each junction of two 
liki, digits. Any reading scheme for phase recording 
technipue, therefore, has to elimimte these unwanted 
pulses before the stored information can be recovered. It 
IS clear that the lov/est frequency of the flux pattern 
occurs for an alternating digit pattern and the highest 
freciuency, for an unchanging digit pattern. One of these 
IS twice tne frequency of the other, and therefore the 
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iDfximu^i snd rninimum frequency components whicii can occur in 
e syctera of this kind ere rccdily determined. Furthernore, 
there is no D-C component in the write current. In the 
usual F 5 Z scheme theie can be substential low frequency 
components. For or ample, suppose the reference digit is 1, 
for a seQuence of words, each containing all 1's, the current 
in the head stays quiescent at the 1 level. 



CHAPTER III 


OVERi.LL 3YSTEi!;T DESIGN 

3 -1 The Layout 

The block diagram of Pig. 3*1 shows the general 
srrangenents of the major functional blocks essential for 
the operation of a typical serial access magnetic drum 
memory. 

The inputs to the decoder and to the coinciaence 
unit are obtained from the Memory Address Register. This 
register stores the address of the location where information 
is to be retrieved from or inserted in. The address of a 
word on a drum is in two parts, a number specifying the 
track and a number specifying the sector of the track in 
which the required word is located, A drum is a sequential 
access system in which time acts as one of -the selection 
co-ordinates. It is therefore, necessary to keep an 
accurate count of vvords as they pass the magnetic head so 
that any word can be located. Each sector, which corresponds 
to one storage location on a track, is marked by a pulse 
recorded on a separate word-clock track. These pulses are 
then sensed in a counter until the counter registers the 
number of words in each track- After this predetermined 
maximum count the counter is automatically reset to 0, so 
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than an} stctor of tne dram is uniquely determined by tie 
number recorded bj the counter, ’''hen coincidence occurs 
Dctiftcen the counter readme; and the address of the required 
sector as registered in the Address Register either the 
reaa gate is opened, allowing the required word of 
infomation no pass from the store, or the write gate is 
opened, allowing new information to be written on the 
propv,r sector of the drum surface. The remaining digits 
in the .Address Register specify the track number and, when 
'decoded they control the head selection switch. 

To e;nchronize tho strobe signal required for 
reading and writing \7ith the drum rotation rate, a separate 
nrac-: is used to record the clock pulses permanently. For 
isasons vhich will be explained later, these clock pulses 
have been delayed by half the interval between adjacent 
clock pulses, before they are used in Read and v/rite 
amplifiers . 

3 .2 Specification of the Drum Unit 

number of available heads = 14. 

Head specifications; 

Fumber of turns =150 
Inductance at 140 KHz = 310 uh +15^ 
Self-resonant frequency = 1.6 tihz 
M aximum direct current rating = 250 ma 
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Brur:] specificetions: 

(a) Diameter = 5" 

(b) Speed of rotation = 3600 rpm 
(Surface speed = 942"/sec.) 

(c) The relationship between play-back voltage 
vs. pulse density is shown in Pig, 3. 2. 

(d) The relation between the play-back voltage 
vs. head current is shown in Pig, 3.3. 

3.3 General Design Considerations 

Our aim here is to keep the design as flexible 
as possible so as to obtain r, versatile general-puipose 
memory system. The general procedure for setting up the 
drum memory for any particular application is as follows. 

(a) Clocir pulses at the desired bit repetition 
rate are first recorded in the (digit)clock 
track . 

(b) Word -clock pulses, obtained by properly scaling 
the frequency of the clock pulses according to 
the wore length, are next recorded in the word- 
clock track. 

(c) A suitable pulse density (P P I) is chosen to 
give the desired compromise among write current, 
play-back voltage and pulse density as shown by 
Pigs. 3 « 2 . and 3.3. 
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(d) The write amplifier is adjusted to give the 
optimum write curxent (Fig. 3. 3) for maximum 
play-bdck voltage for the chosen pulse density. 

(e) The delay unit is adjusted to delay tne olock 
pulses by approximately half the interval 
between adjacent clock pulses. 

(f) i^djustments are made to ensure that any of the 
gates, once opened, remains so for the duration 
of a word . 

(g) The word counter is adjusted so that its 
contents are automatically cleared upon 
reaching a count equal to the number of words 
pt^r track. 

As seen easily from the play-back voltage speci- 
fications given in the preceding section (Figs. 5.2 and 3.3), 
the maximum permissible pulse density is 250 P P I. Combining 
this witn the surface speed of the drum, we obtain the 
maximum pulse repetition rate = 942 x 250 = 235.5 KHz. This 
coricsponds to a time-period of 4.26 j^sec. In phase recording, 
as indicated in Fig. 2. 4, tnere can at most be one pulse of 
magnetisation per digit. Hence for our scheme of reading, 
minimum bit width =4.26 usee. This makes the maximum number 
of bits per track elual to 3912. 

One IS seldom interested in word-lengths smaller 
than 4 bits, so that, if ono allows, one bit between words, the 
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xq 1 2 

riaximaxT number of words per track becomes = 782. 

Thus in order to allow xne word-length to be 
adjustable, we he^e to design the word-counter, the adaress- 
rcgistcr as well as the coincidence unit on the basis of 
10 bits. The systan as such is thus capable of handling 
up to a maximum of 1023 woras per track. 

As an example, if vie require a system with 8 bit 
v/ord length and a bit repetition rate of 200 KHz., the 
counter has to be arranged to count 368. (Since the number 
of pulses per inch of tne drum is 212, xhe total number of 
pulses on e»ch tr-ck is 3320. Hence the number of 8-bit- 
-vOras ,icr track will do 368). Prom Pig. 3.3 we see that at 
this bit repetition rate the vvrite current required is of 
120 illiamps. The delay in tne clock pulses has to be 
2.5 usee and the duration of all the g-^tes hsve to be of 
42 usees. 

Since 10 tracks have been used for Writing/Eeading 
information, 4 flip-flops are required for addressiig any one 
01 the ten tracks. ConseQ.uently the Address Register consists 
of 14 flip-flops - 10 flip-flops for specifying the sector 
number and four for the track number. This completes the 
dctnlcd requirements for a maximum of 1023 words per track 
of the memory. 
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3 .4 Read.-'7rite Sohemc 

Phase recoraing teclini^iUes has been choosen for 
rcGordxng the binary information on the magnetic drum surface. 
Tile desired flux paicern lo achieved by using the delayed 
clock pulse (a clayed by half the interval bet\veen adjacent 
pulses). Suppose it IS desired to write 11100011001010, the 
corresponding pattern in phase recording will be as shov/n in 
Pig. 3.4. Prom the pattern it can be observed that writing 
a M ' after a 'O' or a 'O' after a '1' can easily be done by 
3 /itCxbing a flip-flop by the ixicoramg information pulses. For 
writing a string of consecutive '1^s or a string of 
consecutive 'O's it is essential to sense the information well 
in adv-nce so that the cutout of the- write amplifier is at the 
negative saturation level in case the next information is a 
'h' or at the positive saturation level in case the next 
inforrja bion is a '1'. The delayed clock-pulses can 
conveniently be used to S'''atch the write amplifier to the 
desired saturction level before the arrival of the next bit 
of informotion. 

As the signal comes from tho drum, it is of the 
order of small fractions of a volt; it likely contains noise 
and it IS poorly shaped. The signal from the head is first 
amplified and then shaped. The resulting signal is then 
strobed at the centre of each digit interval; a positive 
signal indicates a 'O'; a negative signal, a '1'. 
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CHAPT^IR IV 

MOTTORY PLBIPHBRJ^L CIRCUITS 


The reliability of the complete system depends upon 
the efficient design of the peripheral circuits. These circuits 
. re discussed in some detail in this chapter. 

4 . 1 The F A R 

The memory adaress register is required to hold the 
ixifornation teaipOi prily during processing. Basically it 
consists a set of flip-flops either connected in senes to 
form a SLiial bit register, or all the input lines have been 
kept inecp xiai^nt to form a parallel bit register. Information 
IS v-xitered into or retrieved from such a register a vvord at 
n tim^. 

I'f E, in the present design, is of fourteen bit 
parallel r£j,ifatcr. The flip-flops used are of Motorola dual 
J r flip-flop (MG 890-P). 

4 ■ 2 Coincidence Unit 

To recognize that the address on the drum matches 
the adcrt,ss in the Address Register, the machine needs an 
cluclity comparison circuit, i.e , the comparison circuit 
foi crch pair of bits should have an output *1' when the 
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two bits being compered are either both 'O' or both *1'. 
This oatput IS clearly the complement of the output of a 
nalf-ad'. er having the same bits as the two inputs, as seen 
from the following truth tabic. 


A 

B 

Coincidence output C 
Hall- adder ourput S 


0 0 11 
0 10 1 

10 0 1 
0 110 


The Booleaai expression for the above is given by 

0 = K B + J B =A3+AB=S 

'Vhicr can, theju f cre 5 be realised by using three NOR gates 
as Blown in 'mg. 4.1. One of these circuits is required for 
eaco pair of c igits which must be read together and for a 
gro^p of ten binary digits ten such comparators are needed. 

The outputs from all the coincidence units are fed 
to a ton-input A.IID gate to get a coincidence signal. This 
coincidence signal is used to trigger a monostable 
Iluitivibrator which inturn opens the input/output gates. 

In Pig.4.2 S.j 5 S 2 , Sj, , Sg, Sy , S 0 , S^, S.jQ are the 

inverted oatput from the ten coincidence unit. One dual 
four-input NOR gate (MC 825-P) and one quad two-input 
NOR gate have been used to make the ten-input AMD gate. 
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5 doantcr 

Ac. poiiiti-d oat earlier, the setting of the counter 
i^ ireely acijusteblo accuraing to the reQuirenjents of ar^ 
P'irticulc.r application. In tne present setup, v.’6 have 
c^n.i^ctoi t-i.e flip-flops to count upto 500 \i/orcis, as shown 
in The outputs 1 , 0, 0, 0, 0, 0, 1 , 0, 1 , 1 from 

flip-floi^s 1 tlrrough 10 "re fed to a ten-input AND gate 
\;iiic^i If- idi,niicrl to the one useci in the coincidence unit 
(f'ig.4.2). The AIJD gate produces an output pulse at the end 
of 300 count to clear all the flip-flops. 

The flip-fiups used are Motorola dual JN flip-flop 

(TF-;; ^QC-P). 


- ■} ! ^ J^CT 

"'.pending upon the track number in the Address 
rLC.gi..-tcr one of the channel will be energised. The ten 
diT Cerent cii'-nmels have been given ten different codes. As 
an ouiample , to select cnannel Oxie, which has been assigned 
the channel selecting bits 0011 (say), the output, 0,0,1 ii' 
ana 1 from tne Ad cress Register are fed to a AND gate to get 
f pulse output. This output pulse opens another six-diode 
gate ana p rmits the signal to enter or leave the drum on 
the selected chamiel. 

The channel selection adaress register consists of 


four flip-flops (MO 890-?) with fanout of three only. To 
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Ot .ixt 

j'*' r bhL tuii 

0 0 11 
0 10 0 
0 10 1 
0 110 
0 111 
110 0 
10 11 
10 10 
10 0 1 
10 0 0 


five pairs of 
been choosen 

Channel-1 
Channel-2 
;]hannel-3 
Channel-4 
Channel-5 
Cnannel-6 
Chann el-7 
Cham el-8 
Channel-9 
Channel-1 0 


a uniforn fanout froip e^ch flip-flop 
'..ntary numbers, as shce/n below, have 
cnanncls . 


The 'bove cLcn.ul selecting bits demand a fanout of five 
froM each flip-flop. This is achieved by connecting the 
output of each flip-flop to a buffer (TO 689-P)- Each 
buffer (i' J b89-?) has a fanout of five. The complete logic 
circuit IS shovm in Eig.4.4. 
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3 G-pte 

Tile H'xp-. 4.5 sho'^s the arrsngerent of a six diode gate. 
One yuch -’.ate has been used in each channel. 

'nen the control voli<=iges are V and -V , diodes Dr- 

XI n 5 

.-riu Dg eiet forv7 biased and diodes D^ , D^, D^, D^ get 

reverse-bnyed 5 so that the gate is closed. On the other hand 

\/hen the control voltages are / and -V , diodes Dp- and D. get 

0 c y o 

revcx sed-biased and 'tiake diodes D.] through D^ to conduct, 
result i.nu m the trans'^ission of signal through the gate. 

V I no -V axe che fixed voltages. 

The coixtrol voltages a re obtained from the flip-flop. 

■ be dui.' cion for which the gate remains open is controlled by 
uno-oJiOt 1 10 Iti VI Orator. One quad two-input FOR gate 
('"T 32 I— P) IS used for this purpose (Pig.4.6). The resistance 
R , nu the cripacitcnce C rre the tilling elements. The opera- 
tion of the circuit can be explained as follows. 

Under steady state condition the points 'a 'and 'b' are 
at high level, corresponding to '1', the point'd' is at low 
level, corresponding to ’O'. On application of a trigger at 
the trigger teririxial 12, the point 'b'ls brought down to low 
lexel. The sidden change in potential at the point’d' is also 
connunicated to the point's' through the cap-citor G. The 
ootential at' a' then rises with time constant = 0.53 RC 
till it reaches the cut— in voltage V^. 


''hen the cut-in 
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vo_t e 13 rcpcxiea the potenticl at 'd ’comes down to zero 

■na tills inturn nahes the point s 'a' and 'b' of equal potential. 

'i^he tv/o copplementar/ outputs from the monostable can be 

obtained fron the terminals 5 and 8. 

4 .6 M^rite Amplifier 

The requirements for the write amplifier are as 

fol J.OWS . 

(;>) lilt ’'/rite current should be of the order of 
2 00 m i.11 lam,^ s. 

(b) Cuxput anpedaiice at 140 KHz = 100 ohms. 

(c) Thu pool ci/e liii 0 naation pulse, corresponding to ‘1’, 
shcalu only be cole xo change xhe state from higher 
Gocar. uioii Icvei xo lower satur<=tion level. 

(d) Tne negative information pulse, corresponding to 'O' 
should, only be able to change the state from lower 
saturation level to the nigher saturation level. 

(e) The clock pulses, chosen to be ne-etive, should be 
fdolo to change the state irrespective of the existing 
satur-ition level. In other words if the previous 
stcitc is at higher saturation level the clock pulse 
vull clrnge the state to lower saturation level and 
vice-versa. 


Keeping the above requirements in view the write 
amplifier is aesigned by making use of a flip-flop using 
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p-n-p t;! - nsibtors rnd (i^ig. 4.8). The negative clock 

])ulsfcs rre r.pplied at the base of the inverters To and Tc 

^ 0 

tiroigh the diodes D-j and D 2 and hence the flip-flop is 
j "itched ’"/henever clock pulse comes. The positive 
inj’ornation pulses are first inverted by T^ and then fed 
ixi the base of inverter T 2 to trigger the flip-flop, whereas 
the negj tive pulses are directly applied at the base of the 
inverter T^ through the diode D^. Thus a positive 
information pulse mokes the output voltage Y low if Y is 
originally high, while the state is unchanged if Y is 
originally lev/. The effect of a n native information 
oulse IS 3 uot the other way round. The outputs Y and Y are 
applied to 0 p 'sn-pull emitter-follower pair using transistors 
Tg -nd Trj or Tg and Tg respectively. The emitter-follower 
pairs -re used to supply the bi-di recti on al current drive needed 
by tne neads. i'nus we obtain the write current waveform 
cor esponding td any given sequence of information pulses as 
required by the scheme elaborated in Section 3 *41, 

4 . 7 Read Amplifier 

The magnetic drum read amplifier for phase recording 
(Rig. 4 . 7 ) consists of three stages. The first stage is a 
common-base stage consisting of transistor T^ which provides 
a low input impedance to the head v/inding. The bias voltage 
of +1 volt in the emitcer circuit generated by means of a 
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I'.oi pjtcntiel diviaer and a bypass capacitor C, s-ervas 

to cs:-olicL n: adequate initial current level so that 
. ■ plif ic.! uio.j OT tne signal occurs in the linear portion of 
.he trrn,ijtor character] stic . 

'The Second stage consistirg of transistor T2, 
consiitubeH^ .cr enattcr-f ollo'wer which acts as an impedance 
r 'uCi iiiP' stc' . bec’v/een common-base stage and the common- 
c’ Lb .ex' st'>-e, vhich provides the final amplification. The 
olLj. L voit; , t. is sy.ietrical with respect togrourd, i.e., 
an tt-'e j^-osen.o of signals bhe collector voltage of T^ is 
clo.x to 201 u, wnile opposite polarities of the signal read 
oy bx‘e head vinuing C'-use output voltages of lopposite 
col 'ibie>. 

Tho oucput from is then strobed so that the 
outpub voltage is transmitted only if a clock pulse is 
preoCxit . Che strobing circuitry consists of shunt clippers 
uoin7 diodes and D2 which are reverse-biased when a clock 
pulse IS present, and forward biased in absence of a clock 
pui-Se. 3y cdjusting the height of the clock pulse, one can 
c.ocde tne final output voltage level. The RC circuit 
following, the dioaes constitute differentiators which gives 
tho final output voltages in the form of trigger. 
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+ • ::ueT'/i t.1 0 laa.^.x- g 

The dctnilod schematic of the READ/TOITE System 
LS oho\.'i i'"' the Tola out at the end of the report. 
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